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Hence, in this case
nmi'.nz = v:v + w:v — w.
If both object and hearer are in motion the expressions for the pitch ratios are only a little more complex—no new principle is involved,
Sound Perception in the Inverse Order of Sound Production.— Another interesting consequence of the moderate velocity of sound propagation is the occasional perception of sounds in the inverse order of their production. This is especially noticeable in the case of high velocity cannon shells passing close by, or over, one from a considerable distance. Such projectiles often have double the velocity of sound. Hence, the first thing heard is the whine of the shell, then its explosion, perhaps, and, last of all, the firing of the cannon; or, the explosion may be heard last, if far to the rear. All this is obvious when it is recalled that the shell is continuously producing sound far in advance of the initial wave front from the cannon.
It is also interesting to note that when the source moves faster than sound, as do cannon shells, the wave front envelop is a cone whose vertex is at the source, and whose angular opening a is given by the
equation
.    a      v
sin 0 = -?
2      s
in which v and s are the velocities of sound and of the shell, respectively. Velocity of Intense Sounds.—Whenever a sound is produced by a violent explosion, such as by the firing of a cannon, the blast itself drives through the air and gives to the sound a velocity which at first, that is, so long as X in the general velocity equation is real and positive, is in excess of that which applies when X is zero.
This excess velocity, however, occurs only relatively near the source of the sound, and rapidly decreases with increase of distance from that source. That is, the external force X is soon reduced to a negligible quantity, after which the velocity becomes constant with the value appropriate to X = 0.
SOUND REFLECTION
Reflection by a Rigid Surface.—As above explained, all sounds in the atmosphere are propagated in the form of successive compressions and rarefactions. If, therefore, these air waves should impinge normally on a wall of stone, or other dense material, it is obvious that they could not pass on unaltered. If the wall is absolutely unyielding, a condition solid and liquid boundaries more or less approach with respect to slight variations of atmospheric pressure, evidently the adjacent molecules cannot oscillate in the line of propagation. The pressure actions, then; of the wall on the atmosphere are precisely the same as they would be if it, and not the air, were vibrating with the given period and amplitude,

